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REMARKS 

Claims 18, 19, 23-26, 28, 29, 31 and 39 are pending. Claims 19, 28, 29 and 31 have been 
withdrawn from consideration. Claims 18, 23-26 and 39 are under examination. 

Response to Drawings Objections 

The drawings have been amended to correct the informalities noted by Examiner. 
Specifically, Figure 2 has been amended to label the large panel in the lower right quadrant of 
the drawing sheet with the letter "D". The specification has been amended at page 9 to refer 
only to panels A through D of Fig. 2. 

The specification has been amended at page 10 to delete the reference letters (A)-(F) that 
do not appear in Fig. 6. 

The specification has also been amended at page 10 to refer to the two panels, A and B, 
of Figure 8. 

Response to Specification Objections 

(a) Description of the Drawings 

The objection is overcome by the specification amendments described above. 

(b) Hyperlinks 

The specification has been objected to for including embedded hyperlinks or other forms 
of browser-executable code. The website citations at pages 16 and 17 were previously amended 
to render them non-executable. The citations have been further amended to substitute "<dot>" 
for "[dot]" to more closely conform to what is believed the appropriate procedure for disabling 
browser executable codes. Thus, the objection for browser executable code is believed 
overcome. 

The specification has been further objected to on the basis that the website citations 
represent an improper incorporation by reference. To comprise an incorporation by reference, 
the words "incorporated by reference" or the like must be utilized. "Mere reference to another 
application, patent, or publication is not an incorporation of anything therein into the application 
containing such reference for the purpose of the disclosure required by 35 U. S.C. 1 12, first 
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paragraph." MPEP608.01(p)l.A. (citing In re de Seversky, 474 F.2d 671, 177 USPQ 144 (CCPA 
1973). 

The subject matter of the website citations on pages 16 and 17 is not incorporated by 
reference. Thus, MPEP 608.0 l(p) does not apply, and the citations do not represent 
incorporations by reference of hyperlink or other browser executable code. 

(c) Trademarks in the specification 

The specification has been amended to identify trademarks. 

(d) Correction of errors in the specification 

The specification has been reviewed, and corrections have been made. 

Response to Section 112 Rejections 

The amendment of claim 18 overcomes the rejection as to the claim language 
"obtainable". 

The amendment to claims 23 and 25 overcomes the rejection as to the claim language 
"primary antibody". 

Claim 26 - Alleged Lack of Written Description and Enablement 

A written description rejection and lack of enablement rejection has been made against 

"biological targeting devices". However, the claim or claims implicated in the rejection are not 

specifically identified in the rejection. Claim 26 is directed to a "biological targeting device". 

Thus, applicants will treat the rejections under Section 1 12 first paragraph as a rejection of claim 

26. 

There is a strong presumption that an adequate written description of the claimed 
invention is present in the specification as filed. In re Wertheim, 191 USPQ 90, 96 (CCPA 
1976). MPEP 2163 II. A. A description as filed is presumed to be adequate, unless or until 
sufficient evidence or reasoning to the contrary has been presented by the examiner to rebut the 
presumption. See, e.g., In re Marzocchi, 169 USPQ 367, 370 (CCPA 1971). MPEP 2163.04. 
The examiner, therefore, must have a reasonable basis to challenge the adequacy of the written 
description. MPEP 2163.04. 
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Similarly, there is a strong presumption that the specification, which discloses how to 
make and use the invention, complies with the enablement requirement of the first paragraph of 
35 U.S.C. 1 12, unless there is reason to doubt the objective truth of the specification. In re 
Marzocchi, supra. In establishing a prima facie basis to deny patentability under the first 
paragraph of 35 U.S.C. 1 12 for lack of adequate enabling support, it is incumbent upon the 
examiner to explain why he doubts the truth or accuracy of the supporting specification and to 
buttress assertions with evidence or cogent reasoning inconsistent with the specification. In re 
Strahilevitz, 212 USPQ 561 (CCPA 1975); In re Bowen, 181 USPQ 48 (CCPA 1947); In re 
Marzocchi, supra. "Any assertion that the enabling disclosure is not commensurate in scope 
with the protection sought must be supported by evidence or reasoning substantiating the doubts 
so expressed." In re Dinh-Nguyen, 181 USPQ 46, 47 (CCPA 1974). 

As long as enough detail in the specification has been set forth to allow an ordinarily 
skilled in the art (1) to understand what is claimed and (2) to recognize that the named 
inventor(s) invented what is claimed, the written description of 35 U.S.C. § 1 12, first paragraph, 
has been satisfied. Univ. of Rochester v. G.D. Searle & Co., 69 U.S.P.Q.2d 1886, 1896 (Fed. 
Cir. 2004). 

The description needed to satisfy the written description requirements of 35 U.S.C. § 1 12 
varies with the nature and scope of the invention at issue, and with the scientific and technologic 
knowledge already in existence. MPEP 2163 II.A.3.(a)(i). In most technologies which are 
mature, and in which the knowledge and level of skill in the art is high, a written description 
question should not be raised for claims present in the application when originally filed. Id. 

Moreover, what is conventional or well known to one of ordinary skill in the art need not 
be disclosed in detail to satisfy the written description requirement. Hybritech Inc. v. 
Monoclonal Antibodies, Inc., 231 USPQ 81, 94 9Fed. Cir. 1986); Capon v. Eshhar, 76 USPQ2d 
1078, 1085 (Fed. Cir. 2005) ("The 'written description 1 requirement must be applied in the 
context of the particular invention and the state of the knowledge... As each field evolves, the 
balance also evolves between what is known and what is added by each inventive contribution"). 
MPEP 2163 II.A.3. "[A] patent applicant does not need to include in the specification that which 
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is already known to and available to one of ordinary skill in the art." Koito Mfg. Co. v. Turn- 
Key-Tech LLC, 381 F.3d 1142, 1156, 72 U.S.P.Q.2d 1190, 1200 (Fed. Cir. 2004). 

The same reasoning applies to satisfaction of the enabling disclosure requirement of 
Section 112. "A patent need not disclose what is well-known in the art." In re Wands, 8 
USPQ2d 1400 (Fed. Cir. 1988). "A patent need not teach, and preferably omits, what is well- 
known in the art." Spectra-Physics, Inc. v. Coherent, Inc., 3 U.S.P.Q.2d 1737, 1743 (Fed. Cir. 
1987), cert, denied, 108 S.Ct. 346 (1987); Hybritech, Inc. v. Monoclonal Antibodies, Inc., supra. 
The specification may assume "that which is common and well-known 11 to persons skilled in the 
relevant art. Webster Loom v. Higgins, 105 U.S. 580 (1981). Also see M.P.E.P. 601. The 
invention as claimed in claim 26 satisfies both the written description and enabling disclosure 
requirements of Section 112. 

Claim 26 clearly indicates the structural features of the biological targeting device 
namely: i) an antibody according to claim 18, or an antigen-binding fragment thereof, and, ii) a 
therapeutic ligand. The therapeutic ligand is taught at page 25 lines 27 to 29 to be suitable, for 
example, in radiotherapy. The skilled person would immediately understand claim 26 to be 
directed to a device wherein the specific antibody of claim 18 or an antigen binding fragment 
thereof can target a therapeutic ligand (a compound which can be used to provide a therapeutic 
effect), for example a therapeutic ligand suitable for radiotherapy. The antibody or fragment of 
claim 26 is clearly identifiable, and the deposit filed shows the Applicant was in the possession 
of the antibody at the time the application was filed. 

Therapeutic ligands, for example, for use in radiotherapy would be known to the skilled 
artisan. Thus, the Applicant was in possession of the invention as claimed by claim 26 at the 
filing date. Attached is a review by McCarron et al Molecualr Interventions 5(6):368-380, Dec. 
2005. The paper describes previously used therapeutic ligands in combination with antibody 
molecules. While the review was published after the filing date of the present application, 
details of particular examples known before the filing date are discussed and referenced within 
the paper (see reference 8 cited in column 2 of page 369, references 66 to 74 cited in table 1 of 
page 370 and references 45 and 46 cited on page 374 of the review article). 
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One or ordinary skill in the art would readily understand that effective delivery to the site 
of disease is a prerequisite for high efficacy and low toxicity of any drug substance. As 
illustrated by the documents cited in the attached review article, antibodies can facilitate the 
transport to and localization at a target site within the body of a conjugated drug cargo and thus 
invoke the "magic bullet" concept. As this increases the effective drug concentration at the 
target site, the therapeutic effect of the drug is optimized. Moreover, this may also allow the 
physician to lower the dose of the drug, which is of particular relevance if the drug has 
associated toxicities or if it is used in the treatment of chronic conditions. 

Presently a number of approved antibody radiologic conjugates have been approved: 
Zevalin (ibritumomab tiuxetan) - a monoclonal antibody conjugated with 

Tiuxetan (a radioactive isotope) that is approved for the treatment of B Cell Non- 

Hodgkin ? s lymphoma; 

Bexxar ( 131 I - tositumomab) - a monoclonal antibody conjugated to a 131 I 

radioisotope that is approved for the treatment of lymphoma. 

Thus, prior to the present invention, it was well-known to couple antibodies to 
therapeutic agents to target those agents to a body cite expressing the antigen bound by the 
targeting antibody. What is conventional or well known to one of ordinary skill in the art need 
not be disclosed in detail. Hybritech Inc. v. Monoclonal Antibodies, Inc., supra. The examiner 
does not have a reasonable basis to challenge either the enablement or the adequacy of the 
written description supporting claim 26, in view of the state of the art at the time of the 
invention. Reconsideration and withdraw of the written description rejection of claim 26 is 
respectfully requested. 

Claims 23-25 Lack of Enabling Disclosure 

A lack of enablement rejection has been made against claims directed to diagnostic kits 
containing antibody according to claim 18. However, the claim or claims implicated in the 
rejection are not specifically identified in the rejection. Claims 23-25 are directed to diagnostic 
kits containing the antibody according to claim 18. Thus, applicants will treat the rejection as a 
rejection of claims 23-25. 
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As indicated above, there is a strong presumption that the specification, which discloses 
how to make and use the invention, complies with the enablement requirement of the first 
paragraph of 35 U.S.C. 1 12, unless there is reason to doubt the objective truth of the 
specification. In re Marzocchi, supra. Any assertion that the enabling disclosure is not 
commensurate in scope with the protection sought must be supported by evidence or reasoning 
substantiating the doubts so expressed." In re Dinh-Nguyen, supra. The PTO has the burden of 
showing that the disclosure entails undue experimentation. In re Angstadt, 190 USPQ 214 
(CCPA 1976). It is respectfully submitted that Examiner has not sustained this burden with 
respect to claims 23-25. 

One of ordinary skill in the art would not have to perform undue experimentation to make 
and use the diagnostic kits of claims 23-25. The Examiner appears to be considering the 
application of the diagnostic kits to an assay to a bodily fluid, for example blood. But as 
indicated in the description, the assay is performed on tissue samples, for example 
immunohistochemical screening. As in such screening, the tissue tested would be known, it 
would not be necessary to differentiate between cells, as suggested by the Examiner. As 
evidenced by the teaching in the specification, using the antibody from ECACC Deposit No 
03073001, of the tissues screened, only the tumor cells were found to express the antigen 
detected by the antibody from ECACC Deposit No 03073001 (MQ1). For the astrocytomas 
tested, 97% (29/30) were found to be MQ1 positive. No normal cells were found to be MQ1 
positive. 

The antibody from ECACC Deposit No 03073001 was able to distinguish between low 
grade, well differentiated pilocytic astrocytomas and non-neoplastic related gliosis. With the 
inherent underlying genetic instability of cancer, it seems unreasonable to preclude any 
diagnostic utility on the basis that only 97% of the tested tumor population expressed the antigen. 

For primary breast carcinoma, 60% (137/228) tumors were found to be MQ1 positive. 
Again no normal cells or benign tissues were found to be MQ1 positive. 

As evidenced by a subsequent paper (Fon et ah, British Journal of Surgery 93:309-314, 
2006, coy enclosed) MQ1 expression was found to be significantly correlated with tumor grade, 
presence of lymphovascular invasion, the Nottingham Prognostic Index and the development of 
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local recurrence. This clearly indicates the utility of the present antibody and the methods as 
claimed. 

As indicated above, as the antibody and the diagnostic methods as claimed may be 
utilized in assays, such as immunoassays, wherein the tissue type is known, even if normal 
tissues are determined to express MQ1, as suggested by the Examiner, using such 
immunohistochemical methods the tissues which are tested can be specifically selected. 

It is respectfully submitted that Examiner has not sustained the burden of demonstrating 
that the subject matter of claims 23-25 fails to comply with the enabling disclosure requirement 
of Section 112. Practice of the claimed invention does no involve undue experimentation, given 
the state of the art at the time of the invention. Reconsideration and withdraw of the lack of 
enablement rejection of claims 23-25 is respectfully requested. 

Statement of Biological Deposit 

A Supplemental Statement of Biological Deposit is submitted herewith containing the 
additional averments noted by Examiner 

Response to Section 102 Rejection 

The rejection is premised on a claim interpretation triggered by the claim language 
"antibody. . .obtainable" in claim 18. The amendment to claim 18 overcomes the rejection. The 
monoclonal antibody produced by the hybridoma ECACC 03073001 is not the same as any 
antibody of Shearman et al 

Response to Section 103 Rejection 

Claims 23 and 25 are rejected as allegedly obvious over Shearman et al in view of 
Monia et al Shearman et al does not disclose the antibody of claim 18, that is, the antibody 
produced by the hybridoma ECACC 03073001 . Monia et al does not remedy the deficiency in 
Shearman et al, and does not render obvious the monoclonal antibody of claim 18. In view of 
the allowability of antibody claim 18, claims 23 and 25, which depend from claim 18, are 
likewise allowable. 
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Rejoinder 

Applicants respectfully request rejoinder and allowance of all claims. 
Conclusion 

The claims remaining in the application are believed to be in condition for allowance. An 
early action toward that end is earnestly solicited. 

Respectfully submitted, 
KARL MULLIGAN et al 




DANIEL A. MONACO 
Registration No. 30,480 
DRINKER BIDDLE & REATH LLP 
One Logan Square 
18 th and Cherry Streets 
Philadelphia, PA 19103-6996 
TEL.: (215)988-3312 
FAX: (215)988-2757 
Attorney for Applicants 
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Prognostic significance of glycoprotein pMQ1 in breast cancer 
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Background: A novel glycoprotein, pMQI, is positively correlated with increasing histological grade 
in malignant astrocytomas. Cerebral metastases from breast cancer have also been found to contain 
pMQt -positive cells. This study aimed to determine the role of pMQ I in primary breast cancer. 
Methods: Breast cancer specimens were analysed for pMQI by immunoMstochernistry. The expression 
of pMQI was correlated with conventional prognostic indicators. Kaplan-Meier analyses were performed 
to compare clinical outcome between pAIQl -positive and pMQl-negattve tumours. 
Results: pMQI was expressed in most of the breast cancer specimens. The surrounding normal tissue 
margins and benign breast tissues always lacked pMQI expression. A significant positive correlation was 
observed between piMQl expression and histological grade, the presence of lymphovascular invasion 
and Nottingham Prognostic Index. Cancers that were pMQI positive were significantly more likely to 
develop a local recurrence. 

Conclusion: pMQI appears to be a tumour-associated protein. The positive correlation of pMQI with 
histological grade, presence of lymphovascular invasion and Nottingham Prognostic Index suggests that 
it confers an adverse prognosis. 

Presented to a meeting of the Association of Surgeons of Great Britain and Ireland (ASGBI), Dublin, Ireland, May 
2002 , and published in abstract form us Br J Surg 2002; 89(Suppl I ): 73 

Paper accepted 6 October 2005 

Published online 3 January 2006 in Wiley LuerScience (ww.bjs.co.uk). DOI: I0.1002/bjs.5231 



introduction 

In 1997, Mulligan and co-workers isolated a monoclonal 
antibody by inoculation of G-CCM cell line derived from 
an anaplastic astrocytoma 1 . This antibody recognizes an 
epitope on an astrocytoma -associated glycoprotein, named 
pMQI. N-tenninal sequencing showed that pMQl was 
a previously undescrihed mammalian protein that shared 
significant sequence homology with the gene product of 
a micro-organism (ORF6), implicated in cell, adhesion 2 . 
It was not expressed in normal tissue, diminished with 
increasing fetal astrocyte maturity and increased with 
higher histological grade in astrocytomas, suggesting it 
may be an oncofetal protein with adverse potential. 

The expression of pMQl was not confined to 
astrocytomas but was also observed in metastatic cancer 
cells from a primary breast cancer. The major cause 
of treatment failure after surgical resection for breast 
cancer is the development of either a local or a distant 
recurrence 3 ' 4 . Biological characteristics of cancer cells may 
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help to predict the prognosis in women with breast cancer 5 . 
Current prognostic indicators such as age, tumour size, 
histological grade 6 ', axillary lymph node involvement 8 , 
presence of lymphovascular invasion 0 , oestrogen receptor 
(ER)status ,( \ Ki-67 ! 12 and p53 l * are being used to predict 
treatment outcome, but with limited accuracy 14 !S . This 
project was initiated to assess the role of pMQl in primary 
breast cancer. The level of pMQl expression in breast 
cancer was correlated with known prognostic indicators. 

Materials and methods 

Patient and tumour characteristics 

Archival specimens were retrieved from 228 women 
diagnosed with breast cancer between 1984 and 1998. 
This study received ethical approval from the Medical 
Ethics Committee of The Queen's University of Belfast. 
All women included in this study received surgical 
. treatment by segmental resection or simple mastectomy, 
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and axillary dissection when indicated. Tumours were 
graded using the modified Scarf, Bloom and Richardson 
method 1617 . 

Benign breast tissue 

In this study, normal breast tissue was used as a 
control, as it provided a reference during the assessment 
and interpretation of pMQl expression in test samples. 
Normal breast tissue was obtained from patients who had 
undergone breast reduction or a diagnostic biopsy that 
turned out to be unremarkable histologically. A total of 
25 control specimens along with five samples of benign 
fibrocystic disease of the breast and five fibroadenomas 
were retrieved from archival materials. Samples were 
treated identically to those from study subjects. 

Primary antibodies and immunohistochernistry 

Immunoreactivity for pMQl was detected using a 
monoclonal antibody to pMQl, raised against surface 
proteins expressed by an anaplastic astrocytoma cell line, 
G-CCM 1 . Iinmunohistochemical staining was performed 
on slides from routinely fixed paraffin-embedded blocks. 
The sections were pretreated in a microwave oven at 450 W 
for 3 min and incubated overnight at room temperature 
with pMQl primary antibody. The reaction was visualized 
using a streptavidin - biotin immunoperoxidase system 
(LSAB 2 kit; DAKO, Milan, Italy) and 3-amino-9-ethyl 
carbazole solution (DAKO) as chromogenic substrate. 
The tissue sections were counterstained with Mayer's 
haematoxylin and mounted in DPX resin. For negative 
controls, the primary antibody was replaced with mouse 
monoclonal IgM antibody with specificity for Aspergillus 
niger glucose oxidase (an enzyme not present or inducible 
in mammalian tissues). 

Assessment of pMQl expression 

Serial dilutions were performed to optimize the detection 
of pMQ 1 antibody before its application on test specimens, 
and each time a new batch of monoclonal antibody was 
introduced. Two independent observers assessed pMQl 
expression on the tissue sections by light microscopy. 
The staining intensity and the proportion of pMQl- 
positive tumours were assessed and scored as: 0, completely 
negative; 1+, weak; 2+, moderate; 3-f, strong. Breast 
cancers with a pMQl staining intensity of 2 or 3 
and proportion of pMQl -positive tumour greater than 
10 per cent were graded pMQl positive. A staining 
intensity score of 0- 1 , or less than 10 per cent proportion, 
was recorded as pMQl negative. 
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Analyses of oestrogen receptor, p53 and Ki-67 

A monoclonal antibody to ER, mouse anti-ER (ER1D5; 
DAKO), a mouse antihuman anti-p53 monoclonal anti- 
body (DAKO-p53) and polyclonal antihuman Ki-67 anti- 
body (DAKO, Glostrup, Denmark) were used for the 
iinmunohistochemical analysis of ER status, p53 and Ki- 
67, respectively. The quickscore semiquantitative method 
was used in the assessment of ER status 18 . A score of 0 
was recorded as ER negative, 1-6 as weakly ER positive 
and 7-18 as strongly ER positive. For p53 and Ki-67, 
a cut-off point was chosen at more than 6 to exclude 
weakly staining tumours. The cut-off for p53 positivity 
was set at more than 6 to exclude false- positive cases 
that may not carry the p53 mutation. Focal Ki-67-positive 
staining in less than 20 per cent of the tumour speci- 
men was regarded as within the normal rate of tissue 
proliferation 19 . 

Statistical analysis 

Clinical and laboratory data were analysed using the 
Statistical Package for the Social Sciences™ version 9 
(SPSS, Chicago, Illinois, USA) 20 . The association between 
pMQl expression and the currently known prognostic 
indicators was evaluated using a bivariate Spearman's 
correlation analysis and x 2 test. The kappa statistical 
method was performed to measure the level of agreement 
between two observers 21 to ensure that the degree of 
inter-observer variation fell within acceptable limits. 

The results of pMQl analysis were expressed as either 
pMQl positive or pMQl negative. The pMQl status 
was then correlated with the patients , clinical outcome, as 
defined by the development of either a local or a distant 
recurrence, disease-free survival, event-free survival and 
overall survival. The difference in clinical outcome between 
pMQl -positive and pMQl -negative cancers was analysed 
using the Kaplan -Meier method using the cumulative 
ha2^ard option, and the separation in survival curves tested 
for statistical significance using log rank analysis. 

Results 

Tn normal breast tissue, the staining intensity for pMQl 
was either absent or weak, distributed basal ly in contact 
with the basement membrane. A similar staining pattern 
was observed in fibroadenomas and benign fibrocystic 
disease of the breast. All benign breast tissue lacked 
pMQl expression. Similarly, normal or uninvolved tissue 
at the margin of breast cancer was also negative for pMQl 
expression and served as a negative internal control. 
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Fig. 1 pMQl immunohistochemistry in breast cancer tissue 
showing cell surface membrane and intracytoplasmic staining 
throughout the glandular component of invasive ductal 
carcinoma (original magnification x 60) 



Sixty per cent (137/228) of the archival breast cancer 
specimens were pMQl positive. The staining pattern for 
pMQl was distributed at the cell surface membrane and 
intracytoplasmic regions; pMQl staining was either focal 
or diffuse. In most cases, pMQl was diffusely expressed 
throughout the entire cancer (n = 94) (Fig. 1). Ductal 
carcinoma insitu> in which the cancer cell proliferation 
was confined to the duct without evidence of a stromal 
invasion, was also found to be positive for pMQl. Lymph 



nodes that contained breast cancer metastases expressed 
pMQl in a pattern similar to the primary cancer. In all 
pMQ I -positive lymph nodes, the distribution of pMQl 
immunostaining was confined to the cancer cells. 

Correlation between pMQl and prognostic 
indicators 

Histological grade 

Among 225 rumours where histological grading was 
possible, 44 (19 per cent) were grade I, 103 (45 per cent) 
grade II and 78 (34 per cent) grade III. Most of the 
histological grade III breast cancers were pMQl positive 
(744 per cent, 58/78). There was a positive correlation 
between pMQl expression and increasing histological 
grade (Spearman's correlation coefficient r = 0-271, P < 
0 001, Table I). Most of the tumours were invasive ductal 
carcinoma (72 per cent, n — 166). A bivariate correlation 
analysis revealed a significant positive association between 
pMQl expression and increasing histological grade in this 
subgroup of patients (Spearman's correlation coefficient 
r = 0264, P = 0001). 

Lymphovascular invasion 

Lymphovascular invasion was observed unequivocally 
in 66 of 169 (39 per cent) tumours studied and was 
positively correlated with higher histological grade 
tumours (r = 0018, P < O-OOl). pMQl was also expressed 
in a significantly higher number of tumours with 



Table 1 Correlation between pMQl expression and primary prognostic indicators in human breast cancer 
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Table 2 Correlation between pMQl and secondary prognostic variables in human breast cancer 
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An inverse correlation existed between pMQl and 
age (Spearman's correlation coefficient r = ■ — 0-135, P = 
0 042). Cancers that were pMQl negative were more 
common in older women. 

Oestrogen receptor statics 

ER status was evaluated in 142 breast cancer specimens. 
Eighty-four (5° per cent) tumours were ER positive and 
the remainder were ER negative. There was a significant 
inverse correlation between pMQl expression and ER 
status (Spearman's correlation coefficient >=— 0*2 78, 
P =z 0-001).. The ER-positive breast cancers were less likely 
to express pMQl (Table 2). 

Nottingham Prognostic Index 

The Nottingham Prognostic Index (NPI) combines several 
variables known to have a significant impact on the clinical 
outcome 22 " 24 . Results for pMQl expression and NPI were 
recorded for 171 women in this study. The NPI was 
significantly correlated with pMQl expression (Spearman's 
correlation coefficient r = 0-201, P = 0 008). Cancers that 
were pMQl positive were more common among patients 
who had a higher NPI. 

Tumour size, lymph node status, Ki-6? y p53 
No significant correlation was observed between pMQl 
and tumour size, lymph node status, Ki-67 and p53, or 
rumour node metastasis (TNM) stage 25 . 



Follow-up 

The patients were followed for evidence of local or distant 
recurrences. Follow-up was complete in 21! patients; 17 
were either lost to follow-up or data were inaccurate. A 
total of 15 per cent (28/211) of the women developed a 
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Fig. 2 Kaplan -Meier cumulative hazard analysis comparing the 
risk of local recurrence by pMQl expression (P = 0*036; log 
rank test). The risk of developing a local recurrence was 
significantly higher in women with pJVIQ 1 -positive cancers 

local recurrence at the site of the primary tumour. A total 
of 23-9 percent (53/211) died from distant recurrence. 
Kaplan-Meier analysis using the. cumulative hazard option 
revealed that local recurrence was significantly more 
common in pMQl -positive tumours (22/124) than pMQl- 
negative tumours (6/87, P = 0 036, Fig. 2), but that the rare 
of distant tumour recurrence was similar in the two groups 
(P as 0-677). Kaplan-Meier survival plots generated for 
disease -free survival, event- free survival and overall survival 
between pMQl -positive and pMQl -negative patients did 
not show any statistically significant differences (P = 0- 1 30, 
P = 0- 1 70 and P = 0*847, respectively). 

Discussion 

Cancer cells possess the ability to invade mesenchyme 
by producing proteins that stimulate angiogenesis into 



Gt|»yri«hr i{) J006 British Journal of Surgery Society Ltd 
Published by J ohn Wiley \ Sons Lul 



www.hjs.co.uk 



British Journal vf Surgery 2 006; 93 : .W •••• 3 1 4 



Breast cancer prognosis with pMQ1 

the tumour mass 26 . Mulligan et al. isolated a monoclonal 
antibody that recognized an epitope on an astrocytoma 
glycoprotein named pMQl 27 , which shared significant 
sequence homology with a gene product of a micro- 
organism implicated in ceil adhesion 2 . This suggests that 
pMQl could be a cell adhesion molecule or receptor. 

This study found that pMQl was expressed in 
60 per cent of primary human breast cancer specimens, 
ductal carcinoma in situ and axillary lymph node metas- 
tases. Normal breast tissue and benign breast diseases 
(fibroadenoma, fibrocystic disease) lacked pMQl expres- 
sion. 

The presence of pMQ 1 in breast and astrocytoma cancer 
cells suggests that it is a tumour-associated protein. Other 
tumour-associated markers have found clinical application 
in the diagnosis, detection and monitoring of cancer 
progression 28 " 31 . In a practical setting, pMQl may have 
potential as an additional tool for the histological diagnosis 
and detection of minimal residual disease in women with 
breast cancer. 

The expression of pMQl had a positive correlation with 
increasing histological grade in this study. pMQl staining 
was more common among histological grade III (poorly 
differentiated) cancers. This observation concurs with 
earlier findings in astrocytomas 1 - 27 and suggests pMQl 
may regulate cellular dedifferentiation. 

Lymph node status is a known predictor of distant 
metastases in breast cancer 8 . In this study, pMQl 
expression was not significandy associated with lymph 
node status but was strongly correlated with the presence 
of iymphovascular invasion, which is required for the 
development of axillary lymph node metastases. A possible 
explanation is that pMQl may be involved in the early 
events of lymphatic spread before the overt development 
of axillary lymph node metastases 32 . 

There was also a significant inverse correlation between 
pMQl expression and ER status (P = 0001). The 
aggressive tumours were more likely to be pMQl 
positive and ER-negative. A critical milestone in the 
development of breast cancer is the emergence of oestrogen 
hormone independence, associated with its metastatic 
potential 33 . The ER is always present in normal breast 
tissue and is usually positive in well differentiated breast 
cancers. Aggressive breast cancers are more likely to be 
ER negative 34 . In vitro and mouse model studies have 
shown that the lack of ER on cancer cells is associated 
with increased basement membrane invasiveness. The 
acquisition of oestrogen-independent phenotype could 
be associated with an increased ability of cancer cells to 
proliferate and mi grate 33 . 
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The NPI 23 - 24 and TNM staging system 25 arc both 
derived by combining several prognostically significant 
variables. The principal difference between them is that the 
TNM staging system does not consider histological grade. 
pMQl staining was significantly correlated with increasing 
histological grade. In this study, pMQl expression was 
found to have a significant positive correlation with the 
NPI but not with TNM stage. Therefore, the apparent 
strong association between pMQl and NPI may in fact 
be a reflection of the strong correlation between pMQl 
expression and the histological grade. 

Women with pMQl -positive cancers had a signifi- 
cantly higher cumulative risk of local recurrence. Local 
recurrence typically develops within the first 2-3 years 
after surgery and leads to an increased risk of distant 
metastases 35 . It is possible that pMQl could be used to 
select women at high risk of developing a recurrence for 
more radical treatment. 
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1 mmunotherapeutics represent the largest group of molecules currently in development as new drug 
J entities. These versatile molecules are being investigated for the treatment of a range of pathological 
conditions including cancer, infectious and inflammatory diseases. Antibodies can be used to exert bio- 
logical effects themselves or as delivery agents of conjugated drug molecules. Site-specific delivery of 
therapeutic agents has been an ultimate goal of the pharmaceutical industry in order to maximize drug 
action and minimize side effects. Antibodies have the potential to realize this objective and in this 
review we will examine some of the main strategies currently being employed for the development of 
these diverse therapeutic molecules. 
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INTRODUCTION 

Antibodies represent the single largest class of new drug entities 
under development at this time. There are at least twenty immu- 
notherapeutics cunently marketed, with some 150 developmental 
products currently in clinical evaluation (?)• The possibility of 
using antibodies as therapeutics was considered almost as early as 
immunologists came to understand their role as our body's natural 
defense against foreign agents. This potential, however, was only 
initially realized with the development of monoclonal antibodies 
(MAbs) in the 1970s (2). Immortalization of murine antibody-secret- 
ing B ceils by hybridoma technology and their continual cell culture 
permitted large scale production of a single, pure antibody species, a 
prerequisite for therapeutic development. Initial attempts to develop 
antibody-based therapeutics encountered difficulties when it became 
clear that the human body recognized the murine MAbs as foreign 
molecules and developed an antibody-mediated immune response 
to clear these from the body (3). The development of these human 
anti- murine antibodies (HAMA) seriously reduced the half-life of the 
therapeutic MAbs in the blood stream, particularly with prolonged 
administration, rendering them useless as dnig strategies. 

In order to reduce the HAMA response to administered MAbs, 
protein engineers manipulated the nucleotide sequences of the 
antibodies to convert murine-like antibodies to more human-like 
antibodies. Techniques now used routinely for the "demurinization 1 
of MAb include complementarity-determining region (CDR, the 
region of an antibody that is most involved in binding an antigen) 
grafting, humanization, and even the production of transgenic mice 
that make fully human antibodies. These advances in antibody 
engineering have created a surge in development of antibody-based 
therapeutic agents such that within the global pharmaceutical indus- 
try, larger companies, once slow to embrace antibody technology, 
have moved to secure intellectual property (IP). The securing of IP 
has been achieved by large licensing deals, takeovers, and mergers 
with biotechnology companies who offer novel antibody technology 
platforms or promising lead antibody drug candidates (4). 

Antibody therapeutics exert their biological effects by a number 
of different mechanisms. Two possible mechanisms operate through 
the involvement of the immune system to induce cytotoxicity of the 
target cell population. The First of these is antibody-dependent cel- 
lular cytotoxicity (ADCC), where immune effector cells are recruited 
to the disease by virtue of the antibody Fc chain site once the 
antibody has bound to its target (5); however, the relevance of this 
mechanism, at least in clinical oncology, remains controversial (6). 
Alternatively, the Fc portion of a therapeutic antibody, as in the case 
of the CD20-specific rituximab (7), can recruit the activation of the 
complement cascade, resulting in the formation of the membrane 
attack complex, a mechanism referred to as complement-dependent 
cytotoxicity (CDC). Antibodies can also be used to modulate signal- 
ing pathways within the targeted cells. Bevaeizmab (Avastin®) blocks 
angiogenesis by binding and sequestering soluble vascular endothe- 
lial growth factor (VEGF), and trastuzumab (Herceptin®) binds to 



the cell surface protein HER2/neu, inhibiting proliferation pathways 
that are transduced through this signaling receptor. 

In addition to these mechanisms of utilizing the antibody as 
the effector molecule, increasing attention has turned to the pos- 
sibilities of using antibodies as delivery conduits and as a means to 
targeting disease sites specifically. By selectively targeting the dnig 
to the site of disease, an antibody can induce the desired biologi- 
cal effects with improved therapeutic index. To date, three antibody 
conjugate therapies have been approved for marketing, namely, the 
radioimmunoconjugates ibritumomab tiuxetan (Zevalin®) and [ !3l I]- 
tositumomab (Bexxar®) for the treatment of lymphoma and the drug 
conjugate gemtuzumab ozogamicin (Mylotarg®) for the treatment 
of acute myeloid leukemia. In this review, the different strategies 
employed in the production and application of antibody conjugates 
are discussed. 

Antibody Conjugates: 
Theory and Application 

Effective delivery to the site of disease is a prerequisite for high 
efficacy and low toxicity of any drug substance. It is clear that anti- 
bodies can participate in this context by facilitating the transport of 
a drug cargo within the body and thereby invoking the often cited 
"magic bullet" concept, as put forward by Ehrlich over a century 
ago. Conjugation of a drug to an antibody makes it possible to 
achieve excellent localization of the drug at the desired site within 
the body (8). This increases the effective drug concentration within 
this target area, thereby optimizing the therapeutic effect of the 
agent. Furthermore, with targeted delivery, the clinician may be able 
to lower the dose of the therapeutic agent — something that is par- 
ticularly relevant if the drug payload has associated toxicities or if it 
is to be used in the treatment of chronic conditions. 

There are several basic considerations to be addressed when 
designing and applying an antibody conjugate to a particular dis- 
ease model. The choice of drug payload is critical to ensure desired 
efficacy towards the targeted disease and that the stoichiometry, 
orientation, or associated chemistry of conjugation to the antibody 
will not hinder its biological activity. Furthermore, the design of 
any immunotherapeutic agent centers on the selection of antigens 
or biomarkers that are specific and accessible to antibody binding 
at the disease site. Not surprisingly, biomarker identification and 
characterization is a key focus for pharmaceutical and biotechnol- 
ogy companies alike and relies heavily on technologies such as DNA 
microarrays and proteomic techniques. Consequendy, companies 
rapidly secure IP around newly identified biomarkers that could pos- 
sibly lead to antibody-based drugs. 

Despite substantial investment over the last ten years in bio- 
marker identification, the number of therapeutically exploitable dis- 
ease biomarkers that have been discovered is somewhat disappoint- 
ing. This has led to renewed thinking as to how to examine novel 
strategies that can maximally exploit this small group of biomarkers, 
particularly when the biomarker is not a drug target. Antibody-drug 
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conjugates are an ideal way to utilize these identified biomarkers 
that cannot be targeted therapeutically by naked antibodies alone. 
We discuss below the main conjugate classes under investigation, 
together with those that have the potential to emerge as effective 
therapeutic agents against cancer and a wide range of other disease 
conditions. 

Peptide and Protein Conjugates 

Numerous peptides and proteins elicit desirable therapeutic effects, 
but frequently utilization in therapeutic approaches have met with 
limited success owing to possible toxicity in the systemic circula- 
tion, poor bioavailability degradation, and an inability to achieve 
useful therapeutic measures. Conjugation of these proteins to a suit- 
able antibody or antibody fragment can circumvent these problems, 
achieving greater stability and higher specificity in delivery to the 
site of disease (9). 

Peptides and proteins can be attached to each other by either 
chemical or recombinant means. The earliest examples of enzyme- 
antibody conjugates used chemical cross-linkers, such as maleimide, 
to couple thiol moieries between cysteine residues on each partner 
(10). This nonspecific approach can result in multiple products, 
with one or both partners inactivated by the coupling reaction. 
Alternative methods involve the specific conjugation of particular 
residues in the protein species, such as the prior oxidation of N -ter- 
minal threonine residues to produce a reactive aldehyde group that 
could then be specifically modified using cross-linking reagents (J J). 
Currently, however, the most popular methodology uses recombi- 
nant DNA techniques to fuse the antibody open-reading frame to 
that ot the therapeutic protein, giving rise to an antibody-protein 
fusion after translation. This approach to conjugation is much more 
amendable to the manufacture of a uniform protein species for 
therapeutic application (12). Frequently, the optimal fusion of pro- 
tein entities can be a case of trial and error, often necessitating the 
incorporation of a short flexible linker to ensure maintenance of the 
two distinct biological activities. When full immunoglobulin G (IgG) 
antibodies are used, the most common strategy is the attachment 
of the cytokine at the C terminus 
of the antibody heavy chain (13), 
whereby with single chain antibody 
fragments (scFv), successful fusions 
have been achieved at both the N 
and C termini. 

A particular antibody-thera- 
peutic protein strategy that has 
been investigated by several groups 
is the selective activation of antican- 
cer prodrugs by enzymes conjugat- 
ed to a delivery antibody, frequently 
referred to as antibody-directed 
enzyme prodrug therapy (ADEPT) 
(J 4). This strategy has been investi- 



gated in the treatment of solid tumors, whereby an antibody-enzyme 
conjugate is administered systemically where it clears from the cir- 
culation and localizes to its target by virtue of the antibody binding 
to its specific biomarker on the tumor. Subsequently, a suitable non- 
toxic prodrug Is then administered, which can be converted to its 
active cytotoxic form by the enzyme attached to the antibody. The 
activated drug penetrates the tumor cells and exerts its lethal effect 
in a localized manner (Figure 1). The ADEPT strategy facilitates the 
specific targeting of the disease site and directs toxicity to the target 
cell population. Crucially, this approach has the ability to target 
adjacent diseased cells not directly labelled by the antibody-enzyme 
conjugate and permits penetration of the free drug into the tumor 
mass. This effect is lacking during naked antibody or antibody-toxin 
conjugate solid tumor therapeutics, which can be viewed as a poten- 
tial drawback to these other approaches. 

In the design of an ADEPT approach, several factors must be 
considered. First, the choice of a suitably specific antibody and its 
cognate antigen are paramount. The chosen antigen is normally on 
the tumor surface itself, but can also be on surrounding tissue in 
some instances. An exquisite example of this is the targeting of the 
extra domain-B (ED-B) of fibronectin by LI 9, a recombinant anti- 
body fragment (15). ED-B is specifically expressed in large amounts 
on neovasculature as a result of strongly pro-apoptotic stimuli 
secreted by many aggressive solid tumors. LI 9 localizes at these 
sites in a number of tumor models and has been used to deliver a 
wide range of therapeutic conjugates. The second consideration is 
the choice of enzyme to be attached to the antibody species. To add 
specificity to the activation of the prodrug, it would be pertinent 
to select a catalytic activity that would not be found at the target 
site — for example, an activity originating from a foreign organism, 
such as bacterial p-lactamase or carboxypepridase G2. Alternatively, 
mammalian enzymes that are unlikely to be found in high basal 
concentrations in the body, such as carboxypeptidase A and (3-giuc- 
uronidase, have also been used. Both strategies can ensure effec- 
tive activation of the prodrug but are not without their drawbacks. 
Although high specificity can be obtained with bacterial or fungal 
enzymes, severe immunogenicity towards these foreign proteins is 
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an important concern. Problems of immunogenicity may be avoided 
by using mammalian enzymes; however, because similar (mam- 
malian) catalytic activities are likely to be present in the patient, the 
specificity of prodrug activation could be confounded by activation 
at sites other than the intended target region. The final component 
of an ADEPT approach is the actual prodrug itself, which must be 
compatible substrate of the activating enzyme. Catalytic activation 
of prodrugs has long been a major focus of pharmaceutical research 
(16). Methotrexate prodrugs activated by carboxypeptidase A, eto- 
poside phosphates by alkaline phosphatase and acid mustard com- 
pounds by carboxypeptidase G2 are just a few of the more common 
examples. Given the plethora of enzymes that occur in nature and 
the numerous choices of potential prodrug formats, a broad range of 
ADEPT strategies have been investigated (Table .1). 

Enzymes are not the only protein-based conjugates that have 
been investigated as immunoconjugates. Cytokines and other small 
proteins that can elicit a strong biological response are attractive as 
therapeutic agents. Attachment of such molecules to antibodies can 




Figure 1. Basis of ADEPT strategies. The antibody-enzyme conjugate specifi- 
cally binds to a tumor-specific marker on tumor cells (yellow) and not on normal 
cells (green). Upon subsequent systemic application of the prodrug, this is 
converted to active cytotoxic agent at the site of antibody binding. The cytotoxic 
agent exerts is biological effect within the vicinity of antibody binding. 



improve their stability and plasma half-lives and facilitate accurate 
delivery. These improved parameters are particularly imponant given 
the exceptionally strong biological effects these proteins can elicit 
and the risk of possible unwanted side-effects following systemic 
delivery. Antibody-cytokine conjugates, or immunocytokines, have 
attracted particular interest for tumor treatment because of their 
potential to cause localized stimulation and activation of immune 
effector cells. Tumor necrosis factor-~a (TNF-a), granulocyte-mac- 
rophage colony stimulating factor (GM-GSF), interferon y (IFNy) 
and interleukin-2 (IL-2) are just a few of the cytokines that have 
been investigated in immunocytokine approaches (17). Reisfeld and 
coworkers have focused on IL-2, a pleiotropic cytokine that stimu- 
lates the activation of T-cells, natural killer (NIC cells, and macro- 
phages, to enhance these cells recognition and destruction of tumor 
cells. From as early as the 1980s, the potency of IL-2 was appreciat- 
ed, but with systemic delivery, an exploitable therapeutic index was 
not achievable. To localize delivery of the cytokine, this group fused 
IL-2 to an antibody directed towards disialoganglioside GD2, a gan- 

^ glioside that is over-produced 
"J^Y^H in melanomas. In animal 

models, this immunocytokine 
afforded protection against 
the development of lung and 
hepatic metastases from inject- 
ed melanomas (18). Further 
study confirmed that the pro- 
tection mechanism was reliant 
on activation and recruitment 
of T cells to the tumor site. It 
has been postulated that IL-2 
provides a co-stimulatory sig- 
nal for the activation of CDS 4- 
T cells which, in combination 
with signals elicited by anti- 
genic peptides displayed on 
the MHC-I molecules of the 
rumor cells, arc able to prolif- 
erate and eradicate the tumor. 
The humanized version of this 
antibody-lL-2 conjugate is 
currently in clinical trials for 
treatment of melanoma (19). 

TNF-a is toxic to tumor 
cells, exerting its activity on 
endothelial cells of the tumor 
neovasculature. As is the case 
with IL-2, systemic delivery of 
TNF-a is not possible owing 
to its high toxicity to normal 
tissue. Neri and coworkers 
have conjugated TNF-a to 
their L19 libronectin-specific 
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Box 1. Recombinant Antibody Fragments 

The IgG antibody (A)' .consists of a- heavy and a light '. a 
. chain (H and 1), both of which contain variable (V) . - ^ 
and constant regions (C). The binding poc'@bfflB^Kp^^ 
antibody that recognizes its specific epitope consists of ^ 
the variable regions of both the heavy and light chains 
(V H and VJy and only this region is required io pro- 
duce a molecule capabl^pfi^SS^^^ f^^S&Bt 



[ 



chain IB). The production of homospecific or bispecific 




. . : » 

By using repornbihant technology/ it is possible to 
generate a variety of smaller fragments of the IgG m 
ecule that retainer have improved binding affinities. 



One of the most common forms is the single chain 
variable fragment (scFv), produced by combination of 



: V H and V L joined by a flexible peptide linker (D). In 
the scFv molecule, the V L and V H domains 'can freely, 
associate in an intramolecular relationship. Shortening 
of the li 




action, 

J • L r II C LI h 

domains becomes more energetically : ravorable, result- 
ing in the formation of diabodies (E); triabodies (F) 
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antibody and demonstrated therapeutic indices unattainable with 
unconjugated cytokine. The an ti- tumor activity of this experimental 
therapeutic agent is enhanced synergistically when used in combina- 
tion with an L19-IL-2 fusion (20). Both these molecules are now in 
early stage clinical evaluation. 

ADEPT and immunocytokines are only two of a range of 
immunotherapeutic protein or peptide strategies currently in pre- 
clinical and clinical development for a range of diseases, predomi- 
nantly in the field of oncology. Any peptide or protein shown to 
have therapeutic effect can be exploited potentially in the form of an 
immunoconjugate for the treatment of a plethora of disease condi- 
tions. The range of possibilities will ensure continued interest in this 
area and marketing of eventual drugs in this class. 



Drug-Immunoconjugates 

Conventional cancer treatment frequently involves administering 
a regime of chemotherapeutic drugs that may be used as the. pri- 
mary means of intervention or as an adjuvant to surgical removal 
of the tumor mass. Systemic administration of chemotherapeutic 
drugs results in the death of actively dividing cells within the body, 
specifically cancer cells, but also has the undesired side effects of 
destroying oral and intestinal mucosa, hair follicles, and bone mar- 
row. Much attention has been directed to selective targeting of these 
agents by conjugation to antibodies against tumor specific markers, 
in an attempt to improve efficacy and reduce side effects. 

As early as the mid-1970s, antibody-drug conjugates were 
being investigated as an approach for targeting chem ^therapeutic 
drugs to tumor cells (21). In these early investigations, dnigs such 
as methotrexate were covalently linked to human serum albumin as 
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a carrier, which in turn could then be chemically linked to a mono- 
clonal antibody. Garnett and coworkers compared the use of this 
approach for targeted cytotoxicity with that of conventional systemic 
delivery toward an osteogenic sarcoma cell line. The conjugate was 
selective in its action and was preferentially cytotoxic towards anti- 
body-reactive cell types under a competitive assay with non-conju- 
gated antibody (22). 

In 2000, the FDA granted approval for the first antibody drug 
conjugate for human therapeutic use. Humanized CD33-specific 
MAb conjugate [gemtuzumab ozogamicin (Mylotarg®)] was licensed 
for the treatment of acute myeloid leukemia (AMD in patients over 
sixty years of age and deemed unsuitable for other chemotherapy 
(23). This "first-in-class" therapeutic consists of gemtuzumab, a 
labile linker attached to Lys side-chains, and then conjugated to a 
calicheamicin hydrazide derivative. Approximately two or three mol- 
ecules of calicheamicin are attached per antibody, and the therapeu- 
tic formulation consists of 50% of the antibody labeled by the drug. 
Mylotarg^ binds to the cell surface marker CD33, a receptor overex- 
pressed on acute myeloid leukemia celLs and on normal leukocytes 
and leukemic progenitors, but which is absent on normal stem cells. 
Once Mylotarg® binds to CD33, the receptor-antibody conjugate 
complex is internalized and hydrolyzed. The resulting hydrolysis 
releases calicheamicin, which freely localizes in the nucleus, initiat- 
ing DNA alkylation and promoting cell death (24, 25). In preclinical 
models, Mylotarg® selectively and potendy inhibited CD33 + AML 
cell lines, and clinical studies have revealed complete remission in 
up to 30% of adults with relapsed CD33 + AML (26). 

In addition to the selection of a suitable chemotherapeutic 
agent and exploitation of a highly specific antibody towards a bio- 
marker of myeloid leukemia, the efficacy of Mylotarg® is, in large 
part, because of the linker chemistry between antibody and drug. 
The linker region is crucial in these molecules to ensure that the 
hybrid molecule: 1) Is stable, 2) can successfully deliver the drug to 
the target cell, tissue or organ, and 3) can present the drug appro- 
priately to permit therapeutic action. The most popular approach 
for the development of immunochemotherapeutics is to use an 



Table 2. Common Alpha and Beta Radionuclides 
Used for Radioimmunotherapy 
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antibody that upon binding to its specific cell surface biornarker will 
internalize; a mechanism referred to as receptor-mediated endocyto- 
sis. Endocytosis will direct the immunochemotherapeutic agent to 
endosomes, where fusion with activated lysosomes initiates metabo- 
lism and degradation of the endosome contents. The nature and 
composition of the activated lysosomes offer many possibilities to 
the drug developers for the specific release of the drug compound. 
In the case of Mylotarg®, a hybrid linker is used that contains both a 
hydrazone and sterically-confined disulfide, which are labile only in 
acid (hydrazone) and reductive (disulfide) environments. In the acti- 
vated lysosomes, the acidic conditions (pH .5) and high glutathione 
concentrations can cleave the hydrazone and reduce the disulfide, 
resulting in delayed release of the drug from its delivery antibody 
after endocytosis. In addition to the hydrazone and disulfide linkers 
(as used in Mylotarg®), other linker chemistries are being examined. 
One of the most promising strategies involves the used of prote- 
ase-specific peptide sequences, which can be cleaved by activated 
proteases, such as the lysosomal cysteine protease cathepsin B (27). 
Depending on the nature of the drug or toxin, protease recognition 
sequences can be created through genetic engineering or by pep- 
tide chemistry. Using this strategy, Dubowchik and colleagues cre- 
ated protease-sensitive sequences in conjugates and demonstrated 
improved stability and specificity as compared to those observed in 
hydrazone conjugates (28). In these studies, the investigators found 
that dipeptides sequences that are sensitive to proteolytic cleavage 
by cathepsin B (e.g., phenylalanine-lysine and valine-citrulline) were 
effectively hydrolyzed by the protease when used as a linker between 
antibody-doxorubicin conjugate, after internalization of the conju- 
gate-antigen complex. 

In addition to calicheamicin, doxorubicin represents one of the 
most commonly researched drugs in antibody-based applications. 
Doxorubicin, an anthracycline, produces its cytotoxic effects by 
alkylation of double-stranded DNA, resulting in interstrand cross- 
linking, triggering apoptosis (29). Tolcher and coworkers conjugated 
this chemotherapeutic agent (via a hydrazone linker) to a chimeric 
antibody (BR96) that targets Lewis(y), a tetrasacchande overex- 
pressed on the surface of many tumors, and in 75% of breast car- 
cinomas (30). Most normal tissues, except for epithelial cells in the 
GI tract, do not express this tumor antigen (31). Although BR96- 
doxorubicin conjugate demonstrated efficacy against metastatic 
breast and non-small cell lung tumors, Phase I and II clinical trials 
also highlighted significant gastro-intestinal toxicity due to the pres- 
ence of the antigen in the Gl tract; it is now being evaluated under 
reduced dosing in combination therapy with docetaxel (32). 

A further drug family that has been used in antibody- targeted 
delivery are the auristatins, based on the naturally occurring peptide 
termed Dolastatin 10. The auristatins are highly potent peptides that 
inhibit tubulin polymerization, producing antimitotic effects that 
can be exploited therapeutically (33). Synthetic auristatin analogs 
such as monomethyl auristatin (MMAE) and auristatin E (AE) have 
been conjugated to tumor-specific antibodies. Senter and colleagues 
succeeded in producing highly efficacious molecules that targeted 
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carcinomas and hematologic malignancies [using Lewis(y)- and 
CD20-specitk antibodies, respectively] and were effective at one-six- 
tieth of the maximum tolerated dose (34). 

In addition to these chemotherapeutic agents, protein-based 
toxins have also been examined in their potential as immunothera- 
peutics. Using recombinant antibody technology it is possible to 
express antibodies or antibody fragments with a toxic fusion protein 
partner that can be cleaved upon internalization by proteases such 
as cathepsin B or E. Protein toxins that have been conjugated or 
fused to deliver)' antibodies include ricin, gelonin, Pseudomonas 
exotoxin, diphtheria toxin, and RNase (35). Gelonin consists of a 
single polypeptide and is a ribosome-inactivating toxin with a bio- 
logical activity similar to that of ricin, a potent inhibitor of protein 
synthesis. The humanized CD33-specific MAb HuM195 linked to 
recombinant gelonin exhibits much more potency than the non- 
fused MAb when applied administered in vitro to primary blast cul- 
tures from patients with AML (36). Development of this and other 
immunotoxins as effective therapeutics represents a promising area 
of research, especially when one considers the wide range of toxic 
proteins or molecules that can be conjugated to a targeting antibody. 
The main challenges for this type of immunoconjugate are prevent- 
ing or limiting toxic side effects and rapid clearance problems owing 
to the inherent immunogenicity of the toxins, which are almost 
entirely nonhuman in nature. 

Radiotmmunoconjugates 

The use of nuclear medicine, both in diagnostics and therapeutics 
relies implicitly on accurate delivery to the disease location. Within 
this field, the application of antibodies as delivery agents for the 
radioisotopes holds much promise, as two of the three currently 
licensed antibody conjugates at this time are radioimmunoconju- 
gates. As with other immunoconjugate strategies, confinnation that 
a radioisotope can be stably conjugated to an antibody without 
adversely affecting its biological activity has led to their widespread 
evaluation in both the imaging (immunoscinrigraphy) and radioim- 
munotherapy (RlT). Depending on the nature of the radioligand 
used, the same antibody can be used to target specifically the site of 
disease for either toxic effector function, or imaging and diagnosis. 

The FDA has approved two radiolabeled antibodies — ibritu- 
momab tiuxetan and tositumomab— both of which target CD20, 
a cell surface marker expressed on over 95% of B ceils and B cell 
lymphoma. CD20 is not expressed on stem cells or on terminal dif- 
ferentiated plasma cells; therefore, the removal of CD20 + cells from 
the patient has no long-term effects. CD20-targeted RIT has been 
successful because lymphoma cells are very accessible and allow 
rapid binding of MAb. The disease characteristics also allow delivery 
of high energy particles to the tumor cells. 

The 90 Y-conjugated ibritumomab tiuxetan (Zevalin^) relies on 
the covalent conjugation of a metal chelating agent, tiuxetan, to a 
chimeric IgG, kappa antibody (37-39). The tiuxetan group che- 
lates the 90 Y metal isotope for use as a therapy or, alternatively, the 



gamma-emitter ni ln for use in imaging. Tositumomab (Bexxar 3 ^, 
consists of a CD20-specific antibody conjugated to 131 1, using direct 
oxidant-based chemistry, before chromatographic purification (40). 

Both approved antibodies (Bexxar® and Zevalin®) employ 
beta-emitting radioisotopes that have therapeutic applications in the 
treatment of hematological malignancies. Beta emitters induce cell 
death by forming free radicals in the target cell. The beta emissions 
of 90 Y, with a half-life of sixty-four hours (Table 2), deposit energy 
over a relatively large area (i.e., several mm), leading to possible dis- 
sipation into neighboring cells but less likely to cause widespread 
damage to surrounding normal tissue. Novel radiolabels, however, 
with more favorable linear energy transfer, half- life decay, and path 
length characteristics are in development. Alpha emitters (i.e., 211 At) 
are presently being considered for therapeutic use because of their 
high ionization potential per unit path length. They are more effec- 
tive at selectively killing target cells and lack the ability to penetrate 
adjacent cells (4.1). The careful selection and matching of differing 
energy-depositing radionuclides to disease lesions, depending on 
type and bulk of tumor tissue, will facilitate improved efficacies to 
these radioimmunoconjugates (42). 

The challenges faced by radioisotope delivery are similar to 
those faced by other modes of immunotherapy, namely specific 
localization, clearance and system toxicity. One methodology being 
examined is a pre-targeting approach using bispecific antibodies 
(43). The development of recombinant antibodies with dual speci- 
ficity (bispecific) toward a tumor-associated target and toward a 
functional moiety such as a metal chelating group (for radionuclide 
binding) has introduced the concept of "pre targeting" for certain 
diseases. In this therapeutic approach, the patient is given a suitable 
bispecific antibody, which is given sufficient time, to localize to the 
disease site, while the excess remainder of the antibody is cleared. 
The systemic application of a suitable radionuclide hapten follows, 
which then binds to the other binding site on the antibody, thereby 
allowing localization of the radionuclide to the site of disease to 
exert its cytotoxic response (44). Other pretargeting approaches have 
exploited streptavidin-biotin chemistry (45) and complementary 
oligonucleotide approaches (46) in order to home the targeted radio- 
nuclide to the site of bispecific antibody binding. The pretargeting 
approach allows improved flexibility in the nature of the radionu- 
clide used for both therapy and imaging. Recent advances in avail- 
ability of various radionuclides and in antibody engineering abilities 
have injected interest, and optimism in this, and other radioimmu- 
noconjugate methodologies. 

The use of radiolabeled recombinant antibody fragments has 
also aided the specific targeting of tumors with more favorable 
clearance profiles and less non specific binding, for example by 
attenuation of Fc-FcRn (neonatal Fc receptor) interactions (47). 
Biodistribution studies have shown that engineered antibody frag- 
ments such as single chain Fv (scFvs), diabodies, and minibodies 
have superior uptake from the blood, particularly useful for imaging 
(48) and, in some cases, they exhibit favorable tumor localization 
and penetration (49) (Box 1) . 
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Figure 2. A schematic representation of polymeric nanoparticles of approximately 150 nm diameter with anchor 
points for conjugation. These anchors can form an integral and covalent part of the polymer stand prior to nanoparticle 
assembly (A). PLGA, commonly used to make solid nanoparticles, lacks the necessary functional groups for covalent 
conjugation. Functionality added prior to assembly ensures that at least some of the functional groups exist at the surface, 
with most submerged within the nanoparticle matrix. Alternatively, functionality can be adsorbed onto the nanoparticle sur- 
face once its assembly is complete (B). 



ies has suffered because of the 
short half-life of radiotracers 
and the slow systemic clear- 
ance of antibodies. Recent 
evidence has demonstrated 
that the positron emitter 89 Zr, 
which has a kinetic profile 
that matches rhat of whole 
antibodies, can act as a reli- 
able predictor of therapeutic 
antibody biodistriburion (52). 
Advances in antibody engi- 
neering to improve the clear- 
ance and localization kinetics 
of the labeled antibodies will 
further enhance their use, and 
the use of more stable conju- 
gation chemistries [for exam- 
ple , sulfosuccinimidyl-3 -(4- 
hydroxyphenyl) propionate)) 
will contribute to the growing 
application and success of 
radioimmunoconjugates. 

1 m munoc o lloi dal 
Conjugates 



Conventional whole IgG radiolabeled MAbs exhibit impaired 
killing efficacy aiising from the short retention time of the radionu- 
clide within the targeted cell. The problem of retention time within 
target cells can be. addressed by "residualizing" the radiolabels. The. 
principle of the technique involves the inclusion of a radionuclide as 
a component of a non-metabolizable peptide (for example, diethyl- 
enetriaminepentaacetic acid-appended radioiodinated peptides that 
contain D -amino acids) designed to become internalized by recep- 
tor-mediated endocyotsis and localized in the lysosome following 
antibody catabolism (50). Once trapped, the radiolabel is capable of 
causing maximum effect. 

As with all antibody-based therapeutic approaches, the devel- 
opment of accompanying diagnostic tools to the radioimmunocon- 
jugates is as important as the therapeutic agent itself. In this area, 
the emerging techniques for the application of radiolabeled antibod- 
ies in whole-body or tumor imaging is particularly exciting, provid- 
ing data on tumor localization and metastases as well as insight 
into biodistriburion patterns of potential medications. Positron 
emission tomography (PET) is the four dimensional imaging of a 
radiotracer (e.g., l8 F, M Cu, 86 Y, 76 Br, or 124 I) within a living system 
(51). The diagnostic potential of positron emitter-coupled antibod- 



The application of colloids, 
such as nanoparticles and 
liposomes, has become an 
important focus within drug 
delivery and targeting. The small size of colloids allows for their 
passage through the narrowest of capillaries and endothelial spaces, 
delivering a wide range of drugs to the body for sustained periods of 
time. In addition, they form a drug delivery vector with much adapt- 
ability, making them a generic system that can be tailored to carry 
several types of drug substance and have a conjugated targeting sys- 
tem decorated upon their outer surface. 

Targeted drug delivery using colloidal systems can be achieved 
by either passive or active targeting. The. former refers to the accu- 
mulation of a carrier system at distinct sites dictated by factors of 
physicochemical or physiological means (53). This is exemplified by 
selective nanoparticulate uptake at sites of inflamed colonic mucosa-. 
Similarly, the enhanced permeation and retention effect permits col- 
loidal nanoparticles to accumulate in tumor tissue compartments 
(54), which is driven by the vascular endothelium of angiogenic 
blood vessels having gaps (600 -800 nm) between adjacent endothe- 
lial cells that exceed the nanoparticle diameter (l.OOr-500 nm). Also, 
nanoparticles with hydrophobic surfaces demonstrate increased 
uptake by the mononuclear phagocytic system and may be a useful 
strategy to treat, diseases of reticuloendothelial organs. Active target- 
ing, on the other hand, requires modification of the naked nanopar- 
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dele, usually by conjugation 
with a recognizing moiety, 
such as a specific and selective 
antibody to facilitate targeting 

(55). 

To achieve antibody- 
mediated targeting, peripheral 
attachment of the antibody to 
the colloid is needed. This is 
generally a two-step procedure 
where the nanoparticle sur- 
face is primed with a suitable 
functional group prior to the 
second step involving ligand 
attachment. One method of 
nanoparticle priming can be 
achieved using a formula- 
tion with modified polymeric 
strands (Figure 2A), such as 
those based on polyOactide- 
co-glycolide) acid (PLGA). 
The use of modified strands 
ensures that the resulting 
copolymer retains some biode- 
gradability and biocompatibil- 
ity, a property that is conferred 
to the primed nanoparticle. 
Amine functionality, for exam- 
ple, can be added by copolyrnerization with poly(lysine) (56) or by 
using newly synthesized polymers, such as PEG-NH 2 (Figure 3). 
Further modification is possible, where block copolymers compris- 
ing polydactic acid)-poly(ethylene glycol)-biotin 

(PLA-PEG-biotin) have been described and used to assemble 
nanoparticulate systems (57) (Figure 3B). This modification exploits 
avidin-biotin binding and is a novel method for noncovalent bond- 
ing of an avidin-containing ligand to a biotin-presenting nanopar- 
ticulate surface. A simpler method for introducing functionality to 
a nanoparticle periphery is to use surface adsorption without any 
foim of covalent chemistry (Figure 2B). Most nanoparticle suspen- 
sions require a surface-bound stabilizer such as a nonionic surfac- 
tant to prevent coalescence. Replacing some of this stabilizer with 
poly(ethylene-alt-maleic acid) has been used to introduce carboxylic 
groupings to the nanoparticle surface (58). Similarly, adsorption of 
avidin-palmitic acid has been used to generate an avidin-rich sur- 
face. These approaches may suffer drawbacks, such as difficulty in 
preparation and loss of the targeting effect that is exacerbated with 
time owing to desorption or degradation of adsorbed groups as the 
nanoparticle scaffold erodes. 

Liposomes are colloidal drug carriers, of similar dimension to 
nanoparticles, but consisting instead of one or more phospholipid 
bilayers enclosing an aqueous core. They take on the form of large 
multilamellar (MLV), small unilamellar (SUV), or large unilamellar 





PEG 




Figure 3. Chemical structures of molecules used in linking antibodies to active group moieties. A. 
Copolyrnerization of polyethylene glycol)-bis(amine) with poly(iactide-co-glycolide) to give a polymeric strand presenting 
a terminal end amine group. B. Further attachment of a biotin group gives a polymeric strucure that can be formed into 
nanoparticles that presents an attachment point for avidin-containing ligands. 



(LUV) vesicles. V&ter-soluble drugs occupy the aqueous compart- 
ments, whereas those of more lipophilic character occupy the lipid 
bilayers. Drug targeting with liposomes has been discussed in depth 
elsewhere, whereas the. term "immunoliposome" has been coined 
to describe a liposome conjugated to an antibody or portions of 
antibody (59). Similar chemistries to those used in nanoparticle 
conjugation have been utilized with liposomes, all aiming to attach 
an antibody or ligand to the outer shell of the liposome. Biotinylated 
phospholipids and avidin have been used in the liposomal forma- 
tion, which can then be used to bind biotinylated antibodies. 
Covalent attachment of a thiolated antibody through a thioether 
bond formed with the maleimide group in maleimide-derivatized 
phospholipids has been described. Similar covalent attachments 
using carbodiimide between amine groups of the phospholipid or 
maleimidated phosphatidylethano famine and carboxyl moieties of 
antibody have, been studied (60). 

Various studies have demonstrated the potential for antibody- 
conjugated colloidal systems, of both solid nanoparticle and lipo- 
somal formulation. These include the application of biotinylated 
CD3 -specific antibodies — which recognize T-cell leukemia cells and 
primary T-lymphocytes — that were conjugated to th: slated gelatin 
nanoparticles through neutravidin -biotin noncovalent bonds. In 
vitro studies showed a selective uptake (by receptor mediated endo- 
cytosis) of these conjugated nanoparticles in 84% of a T-lymphocyte 
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population. PEG-coated liposomes conjugated with folate on their 
outer surfaces were targeted to folate receptor-expressing tumors. 
In vitro results demonstrated enhanced cytotoxicity of encapsulated 
liposomal drugs through endocytotic liposomal drug uptake, where- 
as in vivo results have remained less encouraging (61). Wheat germ 
agglutinin has been conjugated to PLGA nanoparticles loaded with 
paclitaxel for localized pulmonary delivery. In vitro results showed 
that these nanoparticles exhibited enhanced cytotoxicity through 
improved cellular uptake through wheat germ agglutinin recep- 
tor-mediated endocytosis (62). Similarly, a Her2 receptor-specific 
antibody (trasruzumab) was conjugated to the surface of gelatin- 
human serum albumin nanoparticles through avidin-biotin non- 
covalent bonding. In vitro results showed effective internalization 
of the nanoparticles by Her2-overexpressing tumor cells via recep- 
tor-mediated endocytosis. A selectin ligand [Sialyl- Lewis (SLex)]- 
and ICAM-l-specific antibody recognizing endothelial-expressed 
inflammation markers were conjugated to PLGA microspheres and 
acted as leukocyte mimetics for targeting drugs to the vasculature 
in inflammatory diseases (63). 0X26 MAbs were conjugated to the 
surface of liposomes that contained daunomycin and were used to 
bypass P-glycoprotein-mediated effects in multi-drug resistant RBE4 
cells. Subsequent studies revealed brain accumulation of daunomy- 
cin from 0X26 immunoliposomes to be higher as compared to brain 
accumulation of free (unconjugated) drug (64). Additionally, immu- 
noliposomes containing doxorubicin conjugated with scFv fragment 
A5 (scFv A5) directed against human endoglin showed an increase 
cytotoxicity towards endothelial cells compared to non-targeted lipo- 
somes and free drug in vitro (65). 

Clearly, these examples show there is a verifiably enhanced 
cellular response brought about by targeted colloidal delivery, albeit 
during in vitro experimentation. The challenge now remains for 
these findings to be applied successfully to clinical situations such 
as those demanding specific delivery of cytotoxic agents to multifo- 
cal sites of neoplastic growth. 

Perspective 

The advantages to be gained from the targeting of drug substances 
to specific cellular targets are apparent. However, the need to 
advance from drug-based therapies that rely primarily on pharma- 
codynamic and phannacokinetic drivers to dictate drug distribution 
is pressing, certainly within the field of oncology. The difficulties 
encountered in ^current chemotherapy of neoplastic disease, such as 
the emergence of dose-limiting side effects, support this contention. 
Moving away from drug distribution dictated by physicochemical 
considerations (e.g., bioavailability and drug solubility) has been a 
difficult objective to achieve. Innovative strategies that exploit the 
innate ability of antibodies to attach to an antigen hold most prom- 
ize in achieving this. The challenge remains that an antibody-conju- 
gate assembled in such a way to transport a therapeutic payload to 
a cellular site must meet demanding criteria, including specificity, 
safety and stability. Already, conjugates based on protein-antibody 



and antibody-colloid constructs have been described. The full trans- 
lation of these technologies to the clinical environment remains the 
next big challenge. ® doi: 10. 1. 1 24/mi.5.6.9 
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